With a focus on establishing whether climate targets can be met under different personal transport scenarios we introduce a transport sector representing the use and profile of light domestic vehicles (LDVs) into the integrated assessment model WITCH. In doing so we develop long term projections of light domestic vehicle use and define potential synergies between innovation in the transportation sector and the energy sector. By modelling the demand for LDVs, the use of fuels, and the types of vehicles introduced we can analyse the potential impacts on the whole economy. We find that with large increases in the use of vehicles in many regions around the globe, the electrification of LDVs is important in achieving cost effective climate targets and minimising the impact of transportation on other sectors of the economy.
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Section 1 -Introduction
Mobility and the demand for personalised transport have been identified as having a strong association with national income and improved development (Dargay and Gately, 1999 and WBCSD, 2001 ). As national income increases, so too does the rate of automobile ownership and this has created an unsustainable relationship between rising income and emissions (Schipper and Fulton, 2003) . During the 1990 to 2005 period which corresponds to the Kyoto Protocol"s benchmark year and the year the Protocol entered into force, the global emissions attributed to road transport rose from 624.2 kgCO2 per capita to 714.5 kgCO2 per capita, a slightly higher rate than total per capita emissions. Underlying this increase was a 19% increase in per capita emissions from within the OECD and a 25% increase in per capita emissions by non-OECD nations (based on their respective 1990 per capita level) 1 . With a continuation of the coupling of income growth and emissions being forecasted (WBCSD, 2001) , successful climate policy to stabilise greenhouse gases will need to account for the lack of clear carbon free alternatives in the transport sector. An increasingly important consideration, especially in fast growing countries, the profile of transport will have repercussions on the global energy market, as well as on local and global pollutants. With increased demand for transport from non-OECD countries, the composition of the Light Duty Vehicle (LDV) transport sector becomes an important determinant of the success of climate policy. The 4th IPCC Assessment report, working group III, notes that CO 2 emissions are proportional to energy use and that virtually all of transport energy is derived from oil-based fuels -with diesel making up 31% and petrol 47% of total energy in 2004. (Kahn Ribeiro et al., 2007: 328) With forecasts of transport demand in the non-OECD growing at approximately three times the rate of those of the OECD (Kahn Ribeiro et al., 2007: 333) , the global modelling of transport demand and the energy market proves to be an important exercise.
In order to analyse long term trends in transport and their repercussions on the rest of the economy we introduce a transport module representing the use and profile of light duty vehicles (LDVs) into the integrated assessment model WITCH (Bosetti et al, 2006; Bosetti, Massetti and Tavoni, 2007; Bosetti et al, 2009) . The modification to the WITCH model has been designed to incorporate a range of competing vehicle types 2 to assist in the determination of the dominant modes of LDV transport that 1 Data sourced from IEA (2010) -CO2 Emissions from Fuel Combustion Statistics -accessed on 7 July 2011. 2 The range of vehicles introduced in WITCH has been selected to give a representative overview of the type of vehicles expected to come into contention for successful market penetration in the medium to long term future. These include traditional combustion petrol fuelled vehicles (TCARS), diesel fuelled vehicles (DIESEL), traditional petrol fuelled hybrid vehicles (TR_HYBRID), diesel fuelled hybrid vehicles (D_HYBRID), first generation/traditional biofuels fuelled vehicles (TR_BIOFUEL), biodiesel fuelled vehicles (BIODIESEL), and natural gas fuelled vehicles (LPG) . In addition to these vehicles that existed in some shape or form in 2005, we have also incorporated plug-in hybrid vehicles (INT_PHEV) and electric drive vehicles (INT_EDV) to represent 3 will tend to be selected to adequately satisfy demand for mobility. Personal light duty vehicles have been selected as the vehicle type of interest as they have been identified as being one of the most favoured modes of transport and also one of the most damaging (Chapman, 2007) . The addition of the transport module into the integrated assessment model allows us to evaluate how the choice between LDVs will affect emissions as well as how these choices are likely to be impacted by climate change policies. The incorporation of the LDV transport sector within the WITCH model has been conducted in a manner which allows for a range of emission mitigations to be possible, this includes: increased fuel efficiency, the introduction of alternative fuels and vehicle types, as well as curbed demand through decreases in the amount of kilometres travelled using LDVs per year.
In addition to describing the LDV transport sector model, the objective of the present paper is threefold. First, we review the long term projections for light duty vehicles at a global and regional level. By incorporating LDV transport as a new module in an integrated assessment model we are able to investigate the long term macroeconomic and environmental impacts of transportation for different parts of the globe. Second, we look at the role played by the transportation sector when climate change policy is in place with specific attention to the role played by alternative technological and behavioural assumptions. The mutual interactions of the LDV transport sector with the demand for energy by the rest of the non-electric sectors, as well as investments in the power sector, the incentives to develop a carbon-free substitute for oil in transport and an international carbon market are all taken into account. Thirdly, we investigate a range of transportation specific scenarios to test the model and review how they impact global emissions and policy costs.
Climate change policies aiming to stabilise Greenhouse Gas concentrations in the atmosphere at low levels are expected to need a corresponding contraction in the level of fossil fuel use. An exception would be the adoption of CO2 capturing technologies, which are not applicable to mobile vehicles.
This, and the lack of readily available alternative transportation modes make the transport sector heavily dependent upon oil. 54.5% of the OECD"s total final consumption of oil was devoted to transport in 2008 -84% of which was consumed by road transport 3 . Additionally, motor gasoline use in the transport sector within the United States accounts for approximately 47% of the carbon emissions from the use of petroleum and 19% of total US carbon dioxide emissions 4 . The subsequent analysis will show that the cost of climate policy is notably higher when continued reliance on fossil fuels in the transport sector occurs, as other sectors have to compensate for this rigidity. This is true the types of vehicles being introduced onto the market in the years around 2010 -such as the Chevrolet Volt and the Nissan LEAF. Vehicles fuelled with advanced biofuel also exist within the model.
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even with the allowance for strong improvements in fuel efficiency, improved advanced biofuel conversion processes, and the wide spread use of currently available hybrid vehicles.
The paper is made up of the following sections. Section 2 provides an overview of the WITCH model and the structure of the transportation module. Within section 3 we discuss the no policy long term projection for the transport sector and its implications on oil dynamics and emissions. Section 4 reviews a climate stabilization scenario with specific attention to behavioural and technological assumptions for the transport sector. As part of a sensitivity analysis, this section also reviews cases where climate stabilisation occurs with specific constraints on the model. The concluding section is used to draw an overall assessment of the findings presented in the paper.
Section 2 -Modelling long term LDVs projections
Although long term scenarios and forecasts for the global transportation sector have become more common, the range of studies is still not expansive. This is coupled with a lack of comprehensive national data across all major countries/regions and an orientation of much of the literature towards the regional, urban or national level. Amongst the research with an international focus is the study by Dargay and Gately (1999) which established a relationship between national income and vehicle ownership for a range of countries and applied the resulting model to the task of setting projections from 1992 to 2015. The projections are based on short-run and long-run income elasticities for vehicle ownership estimated using a Gompertz function to approximate the implied vehicle/population ratio.
In closing the paper, Dargay and Gately (1999) acknowledge that a more complex model may assist in improving projections, but in light of unavailable data, the simple model using per capita income does provide substantial explanatory power. A potential rationale for this explanatory power may be offered by Schafer and Victor (2000) whom discuss mobility as being a function of both time and monetary budgets. They contend that constraints of time and money result in a consistent amount of travel across cultures and countries -a relationship which would assist in the estimation of aggregate and long-term transportation scenarios. Kahn Ribeiro et al. (2007) note that in addition to worldwide travel studies finding a constant time budget, a rise in income has led to a shift towards faster and more energy intensive modes of transport. In discussing this, the IPCC report "Climate Fulton et al. (2009) . Table 1 summarises a range of models providing long term forecasts of transportation trends at a global and/or regional level. The version of the WITCH model introduced within this paper has been included in the table as part of a comparison to the other models. A key difference to many of the models is that the WITCH model assumes an exogenous demand for the level of mobility which is related to GDP and does not change with the amount and profile of energy being supplied within the model. This is an important feature as it tests the sensitivity of climate policy scenarios to a given demand for fuels from within the transport sector (subject to the costs of vehicles, the type and cost of fuel used and carbon pricing). Upon reviewing table 1, it can be noted that a range of models do look at long-term forecasts for the transport sector and that amongst the models reviewed there is disparity in the approach used, the time-line applied and whether the model is a global integrated assessment model. Further to this, table 1 identifies the distinguishing features of the WITCH model in that it is an integrated assessment model (IAM) which uses GDP as a key determinant in establishing the demand for road transport and mobility; while specifying technological changes and the specific vehicle types that emerge within the transport sector and the impact this has on the energy sector through the amount and type of fuel demanded. The approach undertaken to achieve this is the direct modelling of the changes in the cost of vehicles, operation and maintenance costs, carbon prices, and the cost of fuel, as the determinants of the introduction of different vehicle types. With a linear choice across technologies using a Leontief function of the costs involved, the model selects the range of vehicles which simultaneously meets household demand for mobility, maximises non-transport based consumption, and achieves the given climate target. In addition, the modelling of technical change in advanced biofuel conversion and battery technology (used in hybrids and electric drive vehicles) has been achieved with the implementation of learning by searching relationships which represent the effect of research and development investments in these technologies.
6 services. Demand for vehicles has been set exogenously based on the assumption that constant travel patterns correspond to given levels and growth rates of GDP and population. This assumption is important as the demand for private transport will likely continue to be high and have a strong correlation with national income, unless a significant change in the way public transport is provided occurs. This model with its current set up reviews the continuation of constant travel patterns and the constraint that this will place on the achievement of emissions reductions. The possibility of introducing a "Travel Elasticity Switch" and a "Vehicle-ownership Elasticity Switch" provides feedback effects which test the sensitivity of these constraints (these elasticity impacts will be reviewed in future and are not imposed within this analysis). Biofuels can either be sourced from traditional or advanced sources and are constrained to fulfil a maximum of the equivalent of an E50 fuel mixture with oil based fuels. This restriction of a maximum fuel mixture (equivalent to a 50/50 split of biofuel and oil derived fuels) has been set as higher fuel mixtures would require notable engine conversion costs and a modification of the current modelling of biofuel vehicles. With respect to traditional biofuels, we adopt conservative assumptions. The current BaU scenario includes a regional specific cap reflecting restrictions on the amount of biomass available for the supply of traditional biofuels and biodiesel -these caps have been set using Alfstad, T. (2008) Advanced biofuels are sourced from within the stock of woody biomass -with the competition for the input occurring with woody biomass used in electricity. The cost of the fuel is based on a supply curve with differing grades of fuel quality and a conversion loss factor which can be modified through Table 1Aa and 1Ab in the appendix. Vehicle costs of traditional hybrids, PHEVs and EDVs can be improved with investments that impact a learning by searching process and reflect RD&D investments.
To complete the discussion surrounding Figure 1 , it should be noted that the electricity for use in EDVs can be sourced from the sources within the electric sector and this allows the model to determine the electricity source that EDVs are associated with. The range of electricity sources available to partially fuel PHEVs and completely fuel EDVs include a series of traditional fossil fuelbased technologies and low carbon options. The fossil fuel-based technologies include natural gas and pulverised coal power plants. Coal-based electricity can be generated using integrated gasification combined cycle production with carbon capture and sequestration. Low carbon technologies include hydroelectric and nuclear power, renewable sources (such as wind turbines) and a breakthrough technology (such as concentrated solar power).
Having set out the general structure of the model, we will now clarify the description provided above with a review of the main equations in the model. With respect to the following equations, the 11 complete list of variables is reported in the appendix within table 2A. In each region, indexed by n, a social planner maximises the utility function represented in equation 1. Time is reflected as t which denotes 5-year time spans and is the pure time preference discount factor.
(1)
Equation 2 The rate of depreciation is set to reflect a replacement of vehicles occurring every 15 years. Within this version, no distinction has been made for the existence of used vehicles other than an extended first use lifetime of 15 years, rather than the 12.5 year lifetime that the model was originally built with. 8 Note that adjustment of the variable needs to occur in cases where the amount of kilometres travelled per year is adjusted. Within this model this occurs using an adjustment factor that is a function of time and the kilometres travelled in the corresponding time period.
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The range of vehicles, ldv, introduced into the model has been selected to give a representative overview of the type of vehicles expected to come into contention for successful market penetration in the medium to long term future. These include traditional combustion petrol fuelled vehicles (TCARS), diesel fuelled vehicles (DIESEL), traditional petrol fuelled hybrid vehicles (TR_HYBRID), diesel fuelled hybrid vehicles (D_HYBRID), first generation/traditional biofuels fuelled vehicles (TR_BIOFUEL), biodiesel fuelled vehicles (BIODIESEL), advanced biofuel vehicles (ADV_BIOFUEL) and natural gas fuelled vehicles (LPG). In addition to these vehicle types, which existed in some shape or form in 2005, we have also incorporated plug-in hybrid vehicles (PHEV) and electric drive vehicles (EDV) to represent the types of vehicles being introduced onto the market in the years around 2010 -such as the Chevrolet Volt and the Nissan LEAF. For each of these categories we have set different fuel economy and vehicle cost levels (as summarised within table 1Ab) and while the model is solved with the potential to utilise any of these vehicle options, for the sake of simplicity we will present the results in terms of traditional combustion engine vehicles (shortened to TCE and made up of the aggregate of the TCARS and DIESEL categories), HYBRID (as the aggregate of TR_HYBRID and D_HYBRID), as well as BIOFUEL (as the aggregate of TR_BIOFUEL and BIODIESEL). Within the sections that follow -ADV_BIOFUEL, PHEV and EDV will be subject to no aggregation.
Technological change is endogenous in the model and it affects both the cost of batteries for electrified vehicles and that of conversion of advanced biofuel from biomass. As reflected in equation 5, research capital in either of these technologies ) depreciates at a given rate of depreciation ( and is accumulated with increased investments ( ) and a "standing on the shoulders of giants" effect based on the previous level of capital.
The incentive to accumulate research capital can be seen by its role within the learning by searching curves, shown in equations 6 and 7, which improve the state of these technologies. In particular, cumulating knowledge decreases the cost of batteries used in EDVs ( ) 9 and the cost of advanced biofuel ( ).
(6)
9 Note that the change in the price of batteries for EDVs impacts the price of tradition hybrids and PHEVs using a fixed relationship based on the difference in prices in the initial period and the assumption that these technologies follow the trends of the most concentrated form of the technology.
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As spillovers are likely to occur in technologies that are so easily tradable we assume that the cost in each country is affected by the research cumulated in that country up to that period plus the incremental amount of research accumulated by the sector innovation leader, , though with 
Calibration and Data
Demand for Vehicle Ownership
Private transport is a good description of the majority of the existing LDV stock and typically represents a range of personally owned and consumed automobiles which differ across fuel type and consumption. The approach taken in this paper is to set the demand for the number of vehicles per year (based on GDP levels/growth rates) while assuming a given level of kilometres travelled per annum. The amount of kilometres travelled per year differs across regions to represent differences in congestion levels, preferences, as well as the availability of public transport and other modes of travel, such as 2-wheeled vehicles. This approach is based on literature on regularities of travel demand (such as Schafer (2000)) and the assumption that once an investment in a LDV has been made then it will be used to its full potential, subject to constraints such as the amount of time available for travel and the costs of operating the vehicle. The amount of kilometres driven in each region has been set to the average distance travelled today subject to prevailing levels of congestion and travel preference between private and public transportation.
Projections of the amount of vehicle ownership within each region has been established using a similar approach to that employed by the International Energy Agency/Sustainable Mobility Project (IEA/SMP) Transport Spreadsheet Model, which in turn was based on the work of Dargay and Gately (1999) . 11 Using population and GDP projections harmonized with that of the WITCH model, we have applied the prescribed logistic function of car ownership for each WITCH macro region to the regional level of per capita income and the projected income growth between the 5 year periods. However, their global projection is slightly more conservative than that of the WITCH model with the 2050 global vehicle ownership being 2.7 or 2.9 times higher than the 2005 level and this is primarily due to differences in the growth seen within non-OECD countries. 
Vehicle Specifics
Having set the level of vehicle ownership within each region on the basis of GDP, the model solves for the optimal mix of vehicles based on key variables, such as the fuel efficiency of the vehicle, the vehicle cost, operation and management (O&M) costs, the type and cost of fuel used, as well as the total amount of kilometres driven per annum. These factors determine the fleet mix. Base year values for kilometres driven per annum, vehicle stock, vehicle cost and O&M cost are shown in Table 1Aa and 1Ab in the appendix. Figure 4 reviews the fuel demand for the key vehicle categories based on 100 kilometres of travel and is presented as both litres of oil equivalent and kilowatt hours. Upon reviewing the differences in annual fuel demand it should be noted that regional differences in fuel efficiency and kilometres driven have been set with an allowance for a predisposition towards different size vehicles, the quality of roads, and the levels of congestion expected to exist across the key regions. Note that these regional differences have been set using an example vehicle for that category and the application of regional indices. The regional indices have been set using data from EDV vehicle types are based on the Toyota Prius and the Nissan Leaf. In summary, the variables within the model have been set using medium sized vehicles with adjustments in fuel efficiency levels for regional differences and includes predispositions to larger vehicles (such as in the USA). Externalities, when priced or accounted for in specific scenarios will also affect the fleet structure.
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As total cost is the driver for changes between vehicles within the model, we now focus on how these key assumptions change in the model over time to reflect changes in technologies, their costs and the general likelihood of the successful commercialisation of the different vehicle options. (represented as the "WEO Policy Scenario" point in Figure 5 ). The Strong FEI scenario also lies 12 While many additional factors and characteristics not related to costs affect consumers' choice across vehicles, we will only be able to capture this with the inclusion of the VES (specified in equation 10 and to further reviewed in future work) rather than through specific endogenous emerging properties. Figure 5 ). As a conservative scenario, the Mild FEI case has been set at half the rate of FEI of the Strong FEI scenario. In Figure 5 we also portray data on projected FEIs reported in an expert elicitation conducted by the International Energy Agency (IEA) and discussed within IEA (2009a) and IEA (2009b). The estimates for petrol vehicles and EDVs are represented as dots and denoted as "IEA -petrol" and "IEA -EDV". These two reference points are used to test the robustness of results in the scenario analysis performed later in the paper (refer to table 3 -scenario "FEI Cost" for further information). conservative with regards to historical data. As shown in Figure 7 , when assuming endogenous R&D, we are still in line with conservative assumptions and the sensitivity of the results will be reviewed using a scenario based on a sharper decrease in the cost of vehicles using battery based technologies (for further information refer to table 3 -scenario Rapid Imp). In the case where endogenous technical change is accounted for, the cost of traditional hybrids, PHEVs, EDVs and conversion of advanced biofuels is based on the learning by searching process driven by RD&D investments as described in equation 6 and 7. 
Section 3 -LDV Transport Sector Dynamics in a no climate policy scenario
This section presents the major dynamics within the LDV transport sector under a Business-as-Usual scenario (BaU) with endogenous technical change in advanced biofuel conversion and battery technologies. 15 Within the BaU no consideration is given to the carbon content of fuel, hence traditional combustion engine vehicles tend to dominate until the late part of the century. Figure 8 shows the global distribution of vehicles across the main vehicle classes with traditional combustion engine vehicles dominating the BaU scenario and advanced biofuels entering the fuel mix to supplement both diesel and petrol based fuels. Even without any cost attached to carbon, the introduction of hybrid vehicles occurs in the post 2070 period when the cost of purchasing and running a hybrid vehicle becomes equivalent to that of a traditional vehicle. Electric drive vehicles become commercially viable and are introduced post 2085 when costs are sufficiently reduced to make them affordable. It is at this point, that a reminder should be made that within this model, consumption and income are determined at a macroeconomic level and as such the effects of income stratification on vehicle profile are not considered. Results represent the dominant market choices and do not include the possible existence of fringe vehicles that may be present but continue to be a small proportion of the market. In the BaU, the least costly mix of vehicle and fuel will determine the composition of vehicles, while in reality there will be a stratification of spending patterns based on preferences and the income distribution within the economy. Accordingly, the variables within the model and described in section 2 have been set using medium sized vehicles with adjustments in fuel efficiency levels for predispositions to larger vehicles (such as in the USA). 
Section 4 -LDV Transport Sector Dynamics in a Climate Stabilisation Scenario
Let us now assume that a climate policy aimed at stabilizing world concentrations of GHGs at 550ppm CO 2 -eq by 2100 is in place from 2025 onwards. The key objective is to study the role of the transportation sector in affecting stabilization policies, for this reason we do not really look into credible policies in terms of participation or timing of action, rather we concentrate on the most efficient policy and see how it would be affected by alternative transportation scenarios. By utilizing WITCH we are able to simulate climate policy in an ideal environment in which all world regions agree on the stabilization target and credibly commit to achieve it 16 . Regions receive emission allowances that can be traded in an international carbon market. All sectors, including transportation, are capped. We start by discussing a basic stabilization scenario, we will then review additional scenarios where key assumptions and underlying parameters are modified to test the robustness of results and discuss the major drivers of change. Descriptions of these scenarios are presented in Table   3 .
Table 3. Description of Stabilisation Scenarios
Scenario Name and Acronym Brief Description
Basic Stab Scenario (STAB)
All vehicles within the model are available and the Strong FEI scenario applies.
No Electric Drive Vehicle (No EDV)
This scenario assumes that no major breakthrough in the cost and efficiency of batteries will occur during this century.
Lower improvements in fuel efficiency improvements (Mild FEI)
All vehicles within the model are available and the Mild FEI scenario applies.
FEI Cost Scenario (FEI Cost)
This scenario reviews the maximum potential for FEIs and the associated costs of achieving this level of efficiency improvement. Based on a study completed by the IEA and discussed in the World Energy Outlook 2009. Endogenous technology changes do not apply.
Lower learning rate (LR 10)
All vehicles within the model are available, the Strong FEI scenario applies and the learning rate applied to the learning by searching function is set equal to 0.10 (rather than 0.20).
Rapid improvements in battery costs (Rapid Imp)
All vehicles within the model are available, the Strong FEI scenario applies and the cost of HYBRIDs, PHEVs and EDVs decreases at a higher rate (matching historical data plotted in figure 6 ). The implied learning rate is 0.50. In 2100, the amount of electricity used by the LDV transport sector is approximately 11% of the total electricity generated. With strong FEIs, this is a moderate amount of electricity as it is equivalent to 37% of the electricity generated in 2005. Figure 12 shows that for the USA, the cost of carbon and the price of oil leads to the cost of employing a TCE vehicle increasing in the latter half of the century. TCE  HYBRID  EDV  TCE  HYBRID  EDV  TCE  HYBRID  EDV  TCE  HYBRID  EDV  TCE  HYBRID  EDV  TCE  HYBRID Emissions -gton
CO2
Emissions -STAB Negative Emissions Linked to EDV and CCS Use Emissions -BaU
Additional Stabilisation Scenarios
As the availability of alternative technologies will play a major role in determining the feasibility and the cost of climate policy we will now review a set of alternative stabilisation scenarios which have been summarized within table 3. Noted first in table 3 is a description of the scenario reviewed in the previous section -the STAB scenario -which will be the basis of comparisons to the other scenarios.
As the decarbonisation of the LDV transport sector has been identified as an important issue in achieving a cost effective climate policy target -the second scenario is the case where there is no major breakthrough in the cost and efficiency of batteries employed in EDVs and is entitled "No Upon reviewing the total energy supply, as displayed within the figure 18, we can see that the STAB, Mild FEI, FEI Cost and LR 10 scenarios have a similar trend and level of total energy supply. The No EDV scenario leads to a case where continued oil dependence in the transport sector results in almost 55% of oil use in the global economy being used for LDV transport alone. In 2100, this corresponds with a level of oil use that is equal to 55% of the 2005 level of oil consumption, an oil price that is 54% higher than the BaU price and a carbon price 46% higher than that of the STAB scenario. The
No EDV scenario and Mild FEI scenarios place pressure on the rest of the economy as reflected in the higher carbon price, policy costs and the entrance of a backstop technology in the electric sector that does not get utilised by EDVs (denoted as BACK EL in figure 18 ). While the introduction of BACK At this point in time, reviews of prevailing rigid demand outside the LDV transport sector have not been explored.
While a 450 ppm GHG stabilization scenario is unlikely to be the result of climate policy negotiations in the near future, it is a target that has been deemed necessary by the IPCC to avert warming above a 2% temperature increase above pre-industrial levels. Within the WITCH model such a scenario corresponds with a temperature slightly below 2 degrees in 2100. In achieving this limited temperature increase, the model predicts the introduction of EDVs from as early as 2030. The case of 450ppm CO2 stabilization without electric drive vehicles is a scenario that is difficult to achieve without flexibility mechanisms (such as the banking and borrowing of tradable permits) and/or extreme fuel efficiency improvements above those stipulated within this paper and shown in figure 5 .
A 450 ppm GHG stabilization scenario would also need to account for significant advances in R&D to achieve early electrification of the LDV transport sector and this will be reviewed in future research. Electrification of other transport sectors, such as freight, will also be important.
Section 5 -Conclusion
The results in section 4 highlight that the light duty vehicles sector and policies affecting it can have major effects in the cost and feasibility of long term stabilisation policies discussed within international climate policy negotiations. As noted in the introduction, a long term effort to decarbonise the economy clearly cannot be planned without a careful analysis of long term dynamics in the transportation sector. Decarbonisation is important as it allows the fuel demand and the related travel demand of the transport sector to be matched to the advances being made in the energy sector.
The results of the model show that while the relative fuel costs will assist in the penetration of As the range of simulations shows, climate policy costs and the carbon price in the latter half of the century are sensitive to a lack of electric drive vehicles. Prevailing fossil fuel use within a no EDV scenario places notable strain on the other sections of the economy. For example, policy costs in the base stabilisation scenario tend to be 2.7% and 2.8% of global GDP, but for simulations with no electric drive vehicles, the policy cost for achieving a 550ppm GHG concentration at 2100 increases 34 to 3.3% of global GDP. Policy costs of this magnitude confirm that the electrification and decarbonisation of the LDV transport sector is a notable issue in achieving a cost effective climate policy. In addition to the carbon price, the cost of having no breakthrough in EDVs also has a notable impact upon the world oil price. The increase in the world oil price due to the prevailing use of fossil fuels results in an oil price in 2100 that is approximately 54% higher than the price within the base stabilisation scenario. Already significant, these costs are sure to rise in the complementary case of no electrification within freight transport and the case of continued dependence of oil in fuelling air transport. Even without the modelling of these other transport sectors, what is evident is that a long term effort to decarbonise the economy must be carefully planned and take into account the rigidity that the demand for mobility is likely to produce.
And while the achievement of stabilised GHGs is a very relevant ideal, at least in the short term, voluntary initiatives and policies aiming at transforming the transportation sector are likely to take a primary role. Indeed, transport is subject to local pressures based on local pollution, congestion, While future work will focus on the issues of R&D investments, as well as extend the discussion on the timing and the costs of the commercial success of new transport technologies (such as advanced 35 biofuels and EDVs), this current paper highlights the importance that such technologies have in achieving cost-effective climate policy. Privately owned transport and a continued demand for mobility do present notable issues that the climate policy discussion must examine. Key indicators such as the price of oil, policy costs and the price of carbon are sensitive to the emergence of breakthrough technologies. This is due to both the change in energy demand from within the transport sector and the additional pressure that oil-fuelled transport can place on the other sectors of the economy. Replication from Fulton and Eads (2004) .
